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The D → ρ transition form factors within the QCD light-cone sum rules and the
D-meson semileptonic decays D0 → ρ−e+ν
e
and D+ → ρ0e+ν
e
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The branching ratio of the D-meson semileptonic decay D → ρe+νe measured at the CLEO-c
detector based on 0.82 fb−1 data taken at the peak of the ψ(3770) resonance disagrees with the
traditional SVZ QCD sum rules analysis by about three times. In the paper, we show that this
discrepancy can be eliminated by applying the QCD light-cone sum rules (LCSR) approach. By
using a convenient Wu-Huang model for the ρ-meson transverse leading-twist distribution amplitude
φ⊥2;ρ(x, µ), we obtain the LCSRs for the D → ρ transition form factors A1,2(q
2) and V (q2). After
extrapolating them to whole q2-region, 0 ≤ q2 ≤ (mD −mρ)
2 ≈ 1.18 GeV2, we obtain 1/|Vcd|
2 ×
Γ(D→ ρeνe) = (55.45
+13.34
−9.41 )×10
−15 GeV. Using the CKMmatrix element and theD0(D+) lifetime
from the Particle Data Group, the resultant branching ratios of the twoD-meson semileptonic decays
are, B(D0 → ρ−e+νe) = (1.749
+0.421
−0.297±0.006)×10
−3 and B(D+ → ρ0e+νe) = (2.217
+0.534
−0.376±0.015)×
10−3, respectively, which agree with the CLEO measurements within errors. This shows that the
sum rules approach with reasonable alterations can be applied to deal with the D-meson decays.
PACS numbers: 12.38.-t, 12.38.Bx, 14.40.Aq
I. INTRODUCTION
The semileptonic decays of the heavy meson, which
contains heavy c or b quark, are important for studying
the weak and strong interactions and for studying the
heavy-flavor physics. In the charmed factories nowadays,
such as Belle-II, LHCb, BES-III and PANDA, the D-
meson semileptonic decays provide a good platform for
precision test of standard model (SM) and for searching
of new physics (NP) beyond the SM. For examples, the
CLEO Collaboration present the first measurement of
the branching fraction of D+ → ωe+νe [1, 2]. Lately, the
CLEO Collaboration finished a more precise measure-
ment on the D0 → ρ−e+νe and D+ → ρ0e+νe decays
based on 0.82 fb−1 data taken at the peak of ψ(3770)
resonance. The CLEO Collaboration gave the branching
fractions B(D0 → ρ−e+νe) = (1.77± 0.12± 0.10)× 10−3
and B(D+ → ρ0e+νe) = (2.17± 0.12+0.12−0.22)× 10−3 [3].
The D → ρ transition form factors (TFFs) are
key components for those D-meson semileptonic decays.
They have been calculated under various approaches,
such as the 3-point QCD sum rules (3PSR) [4], the heavy
quark effective field theory (HQEFT) [5, 6], the relativis-
tic harmonic oscillator potential model (RHOPM) [7],
the quark model (QM) [8, 9], the light-front quark model
(LFQM) [10], the heavy meson and chiral symmetries
(HMχT) [11], and the Lattice QCD [12, 13]. Most of
those predictions are consistent with the CLEO mea-
surements within errors; while the QCD sum rules (SR)
leads to much smaller branching ratios, i.e. B(D0 →
∗Corresponding author
†Electronic address: wuxg@cqu.edu.cn
ρ−e+νe) = 0.5±0.1 GeV [4]. One may question the appli-
cability of the QCD SR approach for those TFFs. There
are large uncertainties for the 3PSR prediction, which is
however based on the conventional Shifman-Vainshtein-
Zakharov SR approach [14] and the approach itself has
many defaults in dealing with such kind of TFFs [15]. In
the paper, we shall use an improved version of QCD SR
approach, i.e. the light-cone sum rules (LCSR) [16, 17],
to recalculate the D → ρ TFFs.
The remaining parts of the paper are organized as fol-
lows. In Sec. II, we present the semileptonic decay of
D → ρeνe, D → ρ TFFs within the LCSR approach. In
Sec. III, we present our numerical results and discussions
on theD → ρ TFFs, theD → ρ semileptonic decay width
and branching ratio for two different channels. Section IV
reserved for a summary.
II. CALCULATION TECHNOLOGY
The longitudinal and transverse helicity differential de-
cay widths of D → ρe+νe can be expressed in terms of
three helicity amplitudes H±(q
2) and H0(q
2):
Γa =
G2F |KHV|2
192π3m3D
∫ q2
max
m2
e
q2
√
λ(q2)|Ha(q2)|2, (1)
where a = +, −, 0 and q2max = (mD −mρ)2. The Fermi
constant GF = 1.166× 10−5 GeV−2. The constant KHV
parameterizes the quark flavor mixing relevant to a par-
ticular transition, which equals to |Vcd| for D0 → ρ−e+νe
and |Vcd|/
√
2 for D+ → ρ0e+νe. The phase-space factor
λ(q2) = (m2D +m
2
ρ − q2)2 − 4m2Dm2ρ.
The total decay width
Γ = ΓL + ΓT, (2)
2where ΓT = Γ++Γ− and ΓL = Γ0. Here we have adopted
the helicity basis to express the decay width; in the he-
licity basis, the TFF Ha(q
2) corresponds to a transition
amplitude with definite spin-parity quantum number in
the lepton pair center-of-mass frame. The transverse and
longitudinal helicity TFF Ha(q
2) can be calculated by re-
lating them to the usual TFFs A1,2(q
2) and V (q2) via the
following way
H±(q
2) = (mD +mρ)A1(q
2)∓
√
λ(q2)
mD +mρ
V (q2) (3)
and
H0(q
2) =
1
2mρ
√
q2
{
(m2D −m2ρ − q2)(mD +mρ)
×A1(q2)− λ(q
2)
mD +mρ
A2(q
2)
}
. (4)
The TFFs A1,2(q
2) and V (q2) are defined as
〈ρ(p, λ)|q¯γµc|D(p+ q)〉
= ǫµναβe
∗(λ)νqαpβ
2V (q2)
mD +mρ
, (5)
〈ρ(p, λ)|q¯γµγ5c|D(p+ q)〉
= ie∗(λ)µ (mD +mρ)A1(q
2)
−i(e∗(λ) · q)A2(q
2)(2p+ q)µ
mD +mρ
−iqµ(e∗(λ) · q)2mρ
q2
[A3(q
2)−A0(q2)]. (6)
The LCSR is based on the operator production expan-
sion near the light cone, and in different to the traditional
QCD SR which parameterizes all the non-perturbative
dynamics into vacuum condensates, the LCSR param-
eterizes those non-perturbative dynamics into LCDAs
with increasing twists. Due to the complex structures
of the ρ-meson LCDAs, it is convenient to arrange them
by a parameter δ ≃ mρ/mc ∼ 52% [18, 19]. A collection
of the ρ-meson twist-2, twist-3 and twist-4 LCDAs up to
δ3-order can be found in Ref.[20].
Up to twist-4 level, there are totally fifteen ρ-meson
LCDAs, all of which, especially the high-twist DAs, are
far from affirmation. As a tricky point of the LCSR ap-
proach, one may choose proper current for the correlation
function (correlator) so as to suppress less certain terms
and improve the accuracy of the LCSR [21–26]. In the
present paper, we adopt a right-handed current to do the
LCSR calculation, i.e., we start from the following chiral
correlator
Πµ(p, q) =
i
∫
d4xeiq·x〈ρ(p, λ)|T
{
q¯1(x)γµ(1− γ5)c(x), j†D(0)
}
|0〉,
(7)
where the current j†D(x) = ic¯(x)(1+γ5)q2(x). This chiral
correlator highlights the contributions from the chiral-
odd LCDAs φ⊥2;ρ at the δ
0-order, φ
‖
3;ρ, ψ
‖
3;ρ, Φ
⊥
3;ρ, φ
⊥
4;ρ,
ψ⊥4;ρ, Ψ
⊥
4;ρ, Ψ˜
⊥
4;ρ at the δ
2-order; while the chiral-even ρ-
meson LCDAs provides zero contributions.
Following the standard LCSR procedures, we can ob-
tain the LCSRs for the D → ρ TFFs A1,2(q2) and V (q2),
which are similar to the B → ρ TFFs. Formally, the
analytic expressions for the D → ρ TFFs can be ob-
tained from Ref.[20] by replacing the B-meson inputs
there as the present D-meson ones. Numerically, we ob-
serve that the leading-twist terms are dominant for the
LCSRs, agreeing with the δ-power counting; Thus, those
TFFs shall provide us a useful platform for testing the
properties of leading-twist φ⊥2;ρ via comparisons with the
data or predictions from other theoretical approaches,
such as those of Refs.[27–30]. It is natural to define two
ratios over the three TFFs A1,2(q
2) and V (q2),
rV =
V (0)
A1(0)
and r2 =
A2(0)
A1(0)
, (8)
whose values are measured by the CLEO experiments.
III. NUMERICAL RESULTS
To do the numerical calculation, we take the decay
constant f⊥ρ = 0.165(9)GeV [27]. The ρ and D-meson
masses are taken as mρ = 0.775 GeV and mD = 1.864
GeV from the Particle Data Group [31]. The Cabibbo-
Kobayashi-Maskawa matrix element |Vcd| = 0.2252 ±
0.0007 [31], and the D-meson decay constant fD shall
be determined by using the LCSR approach [32]. We
adopt the Wu-Huang model [33] as the ρ-meson trans-
verse leading twist wavefunction, whose radial part is
from the BHL-prescription [34] and the spin-space wave-
function χh1h2ρ (x,k⊥) is from Wigner-Melosh rotation.
And then, after integrating out the transverse moment
dependence, we obtain the ρ-meson LCDA
φ⊥2;ρ(x, µ) =
A⊥2;ρ
√
3xx¯mq
8π
3
2 f˜⊥ρ b
⊥
2;ρ
[1 +B⊥2;ρC
3
2
2 (ξ)]
×
[
Erf
(
b⊥2;ρ
√
µ2 +m2q
xx¯
)
− Erf
(
b⊥2;ρ
√
m2q
xx¯
)]
,(9)
where f˜⊥ρ = f
⊥
ρ /
√
3 and the error function, Erf(x) =
2
∫ x
0 e
−t2dt/
√
π. The constitute light-quark mass is taken
asmq ≃ 300 MeV. The two parameters A⊥2;ρ and b⊥2;ρ can
be fixed by the normalization condition and the average
value of the squared transverse momentum 〈k2⊥〉1/22;ρ =
0.37 ± 0.02 GeV [20]. The parameter B⊥2;ρ can be fixed
by using the second Gegenbauer moment, i.e. a⊥2;ρ(µ0 =
1 GeV) = 0.14(6) [27]. By using the values for the input
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FIG. 1: The ρ-meson leading-twist LCDA φ⊥2;ρ(x,µ0 =
1 GeV) predicted from the WH model. As a comparison,
the BB prediction [27], the Linear PM and HOPM [28], the
AdS/QCD prediction [29], and the asymptotic form have also
been presented.
parameters, we obtain:
A⊥,C2;ρ = 23.808, b
⊥,C
2;ρ = 0.572, B
⊥,C
2;ρ = 0.100; (10)
A⊥,U2;ρ = 22.679, b
⊥,U
2;ρ = 0.555, B
⊥,U
2;ρ = 0.151; (11)
A⊥,D2;ρ = 25.212, b
⊥,D
2;ρ = 0.595, B
⊥,D
2;ρ = 0.050, (12)
where C, U and D stand for center, upper and lower
values, respectively.
We present the ρ-meson transverse twist-2 LCDA
φ⊥2;ρ(x, µ0 = 1 GeV) in Fig. 1. As a comparison, the
Ball and Braun (BB) prediction [27], the Linear poten-
tial model (PM) and the harmonic oscillator potential
model (HOPM) [28], the AdS/QCD prediction [29], and
the asymptotic form have also been presented. It shows
that the shape of φ⊥2;ρ(x, µ0 = 1 GeV) varies from a single
peaked behavior to a double peaked behavior.
To set the Borel window for the LCSRs of the D → ρ
TFFs, we adopt the following criteria
(i) We require the continuum contribution to be less
than 30% of the total LCSR.
(ii) We require all the high-twist LCDAs’ contributions
to be less than 15% of the total LCSR.
(iii) The derivatives of LCSRs for TFFs with respect to
(−1/M2) give three LCSRs for the D-meson mass
mD. We require the predicted D-meson mass to be
fulfilled in comparing with the experiment one, e.g.
|mthD −mexpD |/mexpD less than 0.1%.
We take the continuum thresholds for D → ρ TFFs
A1,2(q
2) and V (q2) as s0(A1) = 6.1(3) GeV
2, s0(A2) =
7.1(3) GeV2 and s0(V ) = 6.6(3) GeV
2, which are
close to the squared mass of the D-meson’s first excited
state D1(2420). Numerically, we observe that the TFFs
changes slightly with s0, thus the uncertainties caused by
different choices s0 is small
1.
FIG. 2: The determined Borel windows for the TFFs at the
large recoil point, A1,2(0) and V (0).
Following those criteria, the determined Borel windows
are, M2 = 4.5(3)GeV2 for A1 and M
2 = 6.2(3)GeV2 for
A2 and M
2 = 5.0(3)GeV2 for V , respectively. As shown
by Fig. 2, those TFFs at the large recoil point change
slightly within the determined Borel windows, being con-
sistent with usually adopted qualitative criteria that the
TFF should be flat within the Borel window.
TABLE I: The D → ρ TFFs A1,2(q
2) and V (q2) at the large
recoil region q2 ≃ 0. The errors are squared averages of all
the mentioned error sources. As a comparison, we also present
the prediction from various methods.
A1(0) A2(0) V (0)
This work 0.580+0.065−0.050 0.468
+0.052
−0.053 0.815
+0.070
−0.051
CLEO2013[3] 0.56(1)+0.02−0.03 0.47(6)(4) 0.84(9)
+0.05
−0.06
3PSR [4] 0.5(2) 0.4(1) 1.0(2)
HQETF-I [5] 0.57(8) 0.52(7) 0.72(10)
HQETF-II [6] 0.599+0.035−0.030 0.372
+0.026
−0.031 0.801
+0.044
−0.036
RHOPM[7] 0.78 0.92 1.23
QM-I[8] 0.59 0.23 1.34
QM-II [9] 0.59 0.49 0.90
LFQM [10] 0.60(1) 0.47(0) 0.88(3)
HMχT [11] 0.61 0.31 1.05
Lattice[12] 0.45(4) 0.02(26) 0.78(12)
Lattice[13] 0.65(15)+0.24−0.23 0.59(31)
+0.28
−0.25 1.07(49)(35)
We present the D → ρ TFFs at the large recoil
region q2  0 GeV2 in Table I, where the uncer-
tainties are squared averages of all the mentioned er-
ror sources for the LCSRs. As a comparison, we also
1 Such a small s0 dependence also plays a role to suppress the un-
wanted scalar contribution due to the choice of chiral correlator.
4present the predictions from various approaches in the
Table I, i.e. the CLEO data [3], the 3PSR [4], the
HQEFT [5, 6], RHOPM[7], the QM [8, 9], the LFQM [10],
the HMχT [11], and the Lattice[12, 13].
Table I shows that the TFFs under many approaches
are consistent with each other within reasonable errors.
To show the relative importance of various TFFs within
different approaches more clearly, we present a compari-
son of the ratios r2 and rV in Fig. 3. The LCSR uncer-
tainties for the TFFs are
(
+13%
−12%
)
for rV and
(
+15%
−15%
)
for
r2, which are much smaller than the previous 3PSR pre-
dictions (which are ±45% and ±48% [4], respectively).
Thus, by using the LCSR approach, more accurate QCD
SR predictions can be obtained.
TABLE II: The fitted parameters ai1,2 for theD→ ρ TFFs Fi,
in which all the LCSR parameters are set to be their central
values. ∆ is the measure of the quality of extrapolation.
A1 A2 V
ai1 2.618 0.355 0.090
ai2 22.981 3.694 3.392
∆ 0.05% 0.03% 0.01%
Theoretically, the LCSRs for the D → ρ TFFs are
applicable in low and intermediate q2-regions, e.g. q2 ∈
[0, 0.8] GeV2. We can extrapolate them to the physically
allowable q2-regions via a rapidly converging series over
the z(t)-expansion [36, 37]
Fi(q
2) =
1
1− q2/m2D
∑
k=0,1,2
aik[z(q
2)− z(0)]k, (13)
where
z(t) =
√
t+ − t−√t+ − t0√
t+ − t+√t+ − t0 (14)
with t± = (mD ±mρ)2, t0 = t+(1 −
√
1− t−/t+), and
the Fi are three TFFs A1,2 and V , respectively. The
parameters aik can be fixed by requiring ∆ < 0.1%, and
the results are put in Table II. Here ∆ is introduced to
measure the quality of extrapolation, which is defined as
∆ =
∑
t
∣∣Fi(t)− F fiti (t)∣∣∑
t |Fi(t)|
× 100, (15)
where t ∈ [0, 140 , · · · , 4040 ]× 0.8GeV2.
We present the extrapolated TFFs in whole physical
region in Fig. 4, where the shaded bands are uncertain-
ties from various input parameters. As a comparison,
we also give the results in the figures, which are from
the CLEO collaboration [3], the QM [9], the LFQM [10],
the HLχPT [11], and the Lattice predictions [38], re-
spectively. Here the CLEO collabotation only gives the
TFFs at large recoil region, the curves of CLEO mea-
surement are fitted curves derived from the large energy
chiral quark model [39].
TABLE III: Total decay width 1/|Vcd|
2 × Γ, the ratio of lon-
gitudinal and transverse decay width ΓL/ΓT , and the ratio of
positive and negative decay width Γ+/Γ−.
1/|Vcd|
2 × Γ ΓL/ΓT Γ+/Γ−
This paper 55.45+13.34−9.41 1.18
+0.14
−0.13 0.22
+0.04
−0.03
3PSR [4] 15.80 ± 4.61 1.31 ± 0.11 0.24± 0.03
HQEFT [5] 71± 14 1.17 ± 0.09 0.29± 0.13
RHOPM[7] 90.83 0.91 0.19
QM [8] 88.86 1.33 0.11
Lattice[12] 54.63 ± 12.51 1.86 ± 0.56 0.16
Lattice[13] 71.75 1.10 0.18
TABLE IV: The branching ratios of the semileptonic decays
D0 → ρ−e+νe and D
+ → ρ0e+νe. As a comparison, we also
present the results of CLEO collaboration [2, 3], 3PSR [4],
HQEFT [5], NWA [41] with HQEFT [6] and LFQM [10],
FK [11] and ISGW2 [40].
Decay Mode D0 → ρ−e+νe D
+ → ρ0e+νe
This paper 1.749+0.421−0.297 ± 0.006 2.217
+0.534
−0.376 ± 0.015
CLEO2005 [2] 1.94 ± 0.39± 0.13 2.1± 0.4± 0.1
CLEO2013 [3] 1.77 ± 0.12± 0.10 2.17 ± 0.12+0.12−0.22
3PSR [4] 0.5± 0.1 –
HQEFT [5] 1.4± 0.3 –
NWA [41]+HQEFT [6] 1.67± 0.27 2.16 ± 0.36
NWA [41]+LFQM [10] 1.73± 0.07 2.24 ± 0.09
FK [11] 2.0 2.5
ISGW2 [40] 1.0 1.3
By using the extrapolated D → ρ TFFs, we calculate
the total decay width 1/|Vcd|2 × Γ, the ratio of longitu-
dinal and transverse decay width ΓL/ΓT for the D → ρ
semileptonic decays, and the ratio of positive and neg-
ative decay width Γ+/Γ−. The results are presented in
Table III, in which the results under various approaches
have also been presented as a comparison. Our LCSR
predictions for 1/|Vcd|2×Γ, ΓL/ΓT and Γ+/Γ− are consis-
tent with other approaches within errors, only the value
of 1/|Vcd|2 × Γ is quite larger than the 3PSR predic-
tion [4]. As a further step, we calculate the branching
ratios for the two D → ρ semileptonic decays. One is
the D0-type decay via the process D0 → ρ−e+νe with
the lifetime τ(D0) = 0.410 ± 0.002 ps, another is the
D+-type decay via the process D+ → ρ0e+νe with the
lifetime τ(D+) = 1.040 ± 0.007 ps [31]. The results are
given in Table IV, where the first uncertainty is squared
average of the mentioned error sources, and the second
uncertainty is from the experimental errors for the life-
time. As a comparison, we also listed the branching ra-
tios derived from various approaches. It indicates that a
smaller 1/|Vcd|2×Γ predicted by 3PSR leads to a smaller
branching ratio. This explains why the previous SR pre-
5FIG. 3: Comparison of theoretical predictions for the ratios r2 and rV within various approaches. The CLEO measurements
are presented as a comparison.
FIG. 4: The extrapolated D → ρ TFFs A1,2(q
2) and V (q2), in which the shaded bands are squared average of those from the
mentioned error sources. As a comparison, we also present the QM [9], the LFQM [10], the HLχPT [11], the Lattice QCD
predictions [38], and CLEO measurments [3] in those figures.
diction is inconsistent with other approaches. However,
by using the LCSR approach, we observe that a more
reasonable and accurate SR prediction can be achieved.
The LCSR predictions for the branching ratios for the
two D → ρ semileptonic decays also show better agree-
ment with the CLEO measurements.
IV. SUMMARY
In the paper, we have investigated the D → ρ TFFs
within the LCSR approach. As shown by Table I and
Fig.3, more accurate QCD SR predictions for the TFFs
A1,2(q
2) and V (q2) can be achieved by applying the
LCSR approach other than the 3PSR approach. To com-
pare with the CLEO measurements, the LCSR approach
can give reasonable explanations for the D → ρ TFFs.
The pQCD-like approaches is applicable in large recoil
region q2  0 and the lattice QCD approach is appli-
cable in very large q2-region, thus the extrapolation of
the results under those two approaches shall be strongly
model dependent. Thus, in some sense, the LCSR predic-
tion is better than other theoretical predictions, since it
is applicable for the widest q2-region, e.g. both small
and intermediate q2-region. After extrapolating them
to whole physical region, the LCSR predictions for the
branching ratios of the two D-meson semileptonic de-
cays are B(D0 → ρ−e+νe) = (1.749+0.421−0.297±0.006)×10−3
and B(D+ → ρ0e+νe) = (2.217+0.534−0.376 ± 0.015) × 10−3,
respectively, which as shown by Table IV agree with the
CLEO measurements within errors.
Acknowledgments: This work was supported in
part by the National Science Foundation of China under
Grant No.11881240255, No.11765007 and No.11625520,
the Project of Guizhou Provincial Department of Sci-
ence and Technology under Grant No.[2017]1089, the
Project for Young Talents Growth of Guizhou Provincial
6Department of Education under Grant No.KY[2016]156,
and the Key Project for Innovation Research Groups
of Guizhou Provincial Department of Education under
Grant No.KY[2016]028.
[1] T. E. Coan et al. [CLEO Collaboration], Abso-
lute branching fraction measurements of exclusive D0
semileptonic decays, Phys. Rev. Lett. 95, 181802 (2005).
[2] G. S. Huang et al. [CLEO Collaboration], Abso-
lute branching fraction measurements of exclusive D+
semileptonic decays, Phys. Rev. Lett. 95, 181801 (2005).
[3] S. Dobbs et al. [CLEO Collaboration], First Measure-
ment of the Form Factors in the Decays D0 → ρ−e+νe
and D+ → ρ0e+νe, Phys. Rev. Lett. 110, 131802 (2013).
[4] P. Ball, The Semileptonic decays D → π(ρ)eν and
B → π(ρ)eν from QCD sum rules, Phys. Rev. D 48,
3190 (1993).
[5] W. Y. Wang, Y. L. Wu and M. Zhong, Heavy to light me-
son exclusive semileptonic decays in effective field theory
of heavy quarks, Phys. Rev. D 67, 014024 (2003).
[6] Y. L. Wu, M. Zhong and Y. B. Zuo, B(s), D(s) →
π,K, η, ρ,K∗, ω, φ transition form factors and decay rates
with extraction of the CKM parameters |Vub|, |Vcs|, |Vcd|,
Int. J. Mod. Phys. A 21, 6125 (2006).
[7] M. Wirbel, B. Stech and M. Bauer, Exclusive semilep-
tonic decays of heavy mesons, Z. Phys. C 29, 637 (1985).
[8] N. Isgur, D. Scora, B. Grinstein and M. B. Wise, Semilep-
tonic B and D decays in the quark model, Phys. Rev. D
39, 799 (1989).
[9] D. Melikhov and B. Stech, Weak form-factors for heavy
meson decays: An Update, Phys. Rev. D 62, 014006
(2000).
[10] R. C. Verma, Decay constants and form factors of s-wave
and p-wave mesons in the covariant light-front quark
model, J. Phys. G 39, 025005 (2012).
[11] S. Fajfer and J. F. Kamenik, Charm meson resonances
and D → V semileptonic form-factors, Phys. Rev. D 72,
034029 (2005).
[12] V. Lubicz, G. Martinelli, M. S. McCarthy and
C. T. Sachrajda, Semileptonic decays of D mesons in
a lattice QCD, Phys. Lett. B 274, 415 (1992).
[13] C. W. Bernard, A. X. El-Khadra and A. Soni, Lattice
study of semileptonic decays of charm mesons into vector
mesons, Phys. Rev. D 45, 869 (1992).
[14] M. A. Shifman, A. I. Vainshtein and V. I. Zakharov, QCD
and Resonance Physics. Theoretical Foundations, Nucl.
Phys. B 147, 385 (1979).
[15] V. M. Braun, Light cone sum rules, hep-ph/9801222.
[16] I. I. Balitsky, V. M. Braun and A. V. Kolesnichenko, Ra-
diative Decay Σ+ → pγ in Quantum Chromodynamics,
Nucl. Phys. B 312, 509 (1989).
[17] V. L. Chernyak and I. R. Zhitnitsky, B meson exclusive
decays into baryons, Nucl. Phys. B 345, 137 (1990).
[18] P. Ball, V. M. Braun, Y. Koike and K. Tanaka, Higher
twist distribution amplitudes of vector mesons in QCD:
Formalism and twist-three distributions, Nucl. Phys. B
529, 323 (1998).
[19] P. Ball and R. Zwicky, Bd,s → ρ,ω,K
∗, φ decay form-
factors from light-cone sum rules revisited, Phys. Rev. D
71, 014029 (2005).
[20] H. B. Fu, X. G. Wu, H. Y. Han and Y. Ma, B → ρ tran-
sition form factors and the ρ-meson transverse leading-
twist distribution amplitude, J. Phys. G 42, 055002
(2015).
[21] T. Huang and Z. H. Li, B → K∗ gamma in the light cone
QCD sum rule, Phys. Rev. D 57, 1993 (1998).
[22] T. Huang, Z. H. Li and X. Y. Wu, Improved approach
to the heavy to light form-factors in the light cone QCD
sum rules, Phys. Rev. D 63, 094001 (2001).
[23] Z. G. Wang, M. Z. Zhou and T. Huang, Bπ weak form-
factor with chiral current in the light cone sum rules,
Phys. Rev. D 67, 094006 (2003).
[24] F. Zuo, Z. H. Li and T. Huang, Form factor for B → Dlν
in light-cone sum rules with chiral current correlator,”
Phys. Lett. B 641, 177 (2006).
[25] X. G. Wu, T. Huang and Z. Y. Fang, SUf (3)-symmetry
breaking effects of the B → K transition form-factor in
the QCD light-cone sum rules, Phys. Rev. D 77, 074001
(2008).
[26] X. G. Wu and T. Huang, Radiative corrections on the
B → P form factors with chiral current in the light-cone
sum rules, Phys. Rev. D 79, 034013 (2009).
[27] P. Ball, V. M. Braun and A. Lenz, Twist-4 distribution
amplitudes of the K∗ and φ mesons in QCD, J.High En-
ergy Phys. 08 (2007) 090.
[28] H. M. Choi and C. R. Ji, Distribution amplitudes and
decay constants for (π,K, ρ,K∗) mesons in light-front
quark model, Phys. Rev. D 75, 034019 (2007).
[29] J. R. Forshaw and R. Sandapen, An AdS/QCD holo-
graphic wavefunction for the ρ-meson and diffractive ρ
meson electroproduction, Phys. Rev. Lett. 109, 081601
(2012).
[30] J. Xu, Q. A. Zhang and S. Zhao, Light-cone distribution
amplitudes of vector meson in large momentum effective
theory, arXiv:1804.01042 [hep-ph].
[31] M. Tanabashi et al. [Particle Data Group], Review of
Particle Physics, Phys. Rev. D 98, 030001 (2018).
[32] H. B. Fu, X. G. Wu, H. Y. Han, Y. Ma and T. Zhong,
|Vcb| from the semileptonic decay B → Dℓν¯ℓ and the
properties of the D-meson distribution amplitude, Nucl.
Phys. B884, 172 (2014).
[33] X. G. Wu and T. Huang, An implication on the pion
distribution amplitude from the pion-photon transition
form factor with the new BABAR data, Phys. Rev. D
82, 034024 (2010).
[34] G. P. Lepage, S. J. Brodsky, T. Huang, and P. B. Mack-
ezie, in Particles and Fields, Proceedings of the Banff
Summer Institute on Particle Physics, Banff, Alberta,
Canada, 1981 2, edited by A. Z. Capri and A. N. Kamal
(Plenum, New York, 1983), p.83; T. Huang, in Proceed-
ings of XXth International Conference on High Energy
Physics, Madison, Wisconsin, 1980, edited by L. Durand
and L.G. Pondrom, AIP Conf. Proc. No. 69 (AIP, New
York, 1981), p. 1000.
[35] J. Botts and G. F. Sterman, Hard Elastic Scattering in
QCD: Leading Behavior, Nucl. Phys. B325, 62 (1989).
[36] A. Bharucha, D. M. Straub and R. Zwicky, B →
V ℓ+ℓ− in the standard model from light-cone sum rules,
arXiv:1503.05534.
7[37] A. Khodjamirian, T. Mannel, A. A. Pivovarov and
Y. M. Wang, Charm-loop effect in B → K(∗)ℓ+ℓ− and
B → K∗γ, J. High Energy Phys. 09 (2010) 089.
[38] J. M. Flynn and C. T. Sachrajda, Heavy quark physics
from lattice QCD, Adv. Ser. Direct. High Energy Phys.
15, 402 (1998).
[39] T. Palmer and J. O. Eeg, Form factors for semileptonic
D decays, Phys. Rev. D 89, 034013 (2014).
[40] D. Scora and N. Isgur, Semileptonic meson decays in the
quark model: An update, Phys. Rev. D 52, 2783 (1995).
[41] Y. J. Shi, W. Wang and S. Zhao, Chiral dynamics, S-
wave contributions and angular analysis in D → ππℓν¯,
Eur. Phys. J. C 77, 452 (2017).
